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1 The Notion of 4.0 and 5.0: From Smart Production
to Smart Consumption
Over the last decade, the notion of Industry 4.0 has become
the overarching design paradigm for the comprehensive
digitization of manufacturers. Primarily represented by the
idea of smart production, Industry 4.0 symbolizes an
environment in which digital technologies like robotics, the
Internet of Things (IoT), advanced manufacturing, and data
analytics facilitate a highly flexible production environ-
ment. This environment has led to the development of
factories in which traditional limitations of production are
disappearing. First, the shortfalls of human labor and their
impact on production quality are largely eliminated by
extensive automation. Second, the long-lasting economic
restrictions related to small lot sizes evaporate, and the goal
of a cost-effective ‘lot size one’ becomes feasible because
of highly adaptive, robotic processes and machinery, as
well as entirely new forms of production (e.g., 3D-
printing). Third, latency costs (e.g., delayed sensing of a
machine problem) are also disappearing as built-in sensors
provide continuous and even predictive insights into the
status of the production environment.
Although Industry 4.0 (Lasi et al. 2014) can be seen as the
‘industrial revolution’ of the digital age, it is largely invisible
from the viewpoint of a citizen. Its main benefits are new
levels of cost-effectiveness in a production system and pre-
viously unseen production flexibility, but the products
themselves (e.g., cars and the experience in using them), are
in most cases not fundamentally impacted by Industry 4.0.
While companies around the world still strive to imple-
ment (parts of) Industry 4.0, the academic and professional
discourse has already extended the goalpost by introducing
the new symbolic notion of Industry 5.0. There are different
interpretations of 5.0 in the industrial context, including
closer collaboration between robots and humans (Naha-
vandi 2019; Ozkeser 2018) and democratization of knowl-
edge (Özdemir and Hekim 2018). However, an even more
significant difference of the next generation of design
paradigms is the shift from smart production to smart
consumption (Kowalkiewicz et al. 2017). While 4.0 think-
ing tends to focus on production time, 5.0 focuses on the
time and the experiences during the consumption of a
product. Digital technologies like sensors and cloud com-
puting have facilitated a ‘continuous connectivity’ between
a product’s provider and its consumer (Siggelkow and
Terwiesch 2019) such that selling a product is no longer the
end of a relationship, but the beginning. Traditional pro-
duction principles, such as make-to-order and make-to-s-
tock do not sufficiently reflect this possibility. As prominent
examples like smartphones and Tesla cars show, products
can instead follow a make-to-evolve paradigm. These
products are upgradeable and continue to develop new
capabilities tailored to a changing context and the users’
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profiles. This expansion from the smart factory (Industry
4.0) to smart consumption is the core idea of Industry 5.0.
Whereas Industry 4.0 has made production frictionless,
Industry 5.0 strives to make consumption frictionless. As a
result, Industry 5.0 is much more tangible, and relevant, for
citizens than Industry 4.0. In particular, citizens tend to
have a utility-oriented view, and the ‘smartness’ of their
consumption is qualified in terms of whether a solution can
eliminate citizens’ restrictions in consuming a service or
not. Against this background, eliminating established
restrictions of consumption is moving to the center of
attention. Considering the history of digitalization from this
perspective, elimination of restrictions is what digital
technologies do best. For instance, the emergence of over-
the-top solutions like WhatsApp, Skype and Zoom has
eradicated communication costs such that an economic
restriction (affordability) to engaging in a conversation has
disappeared. Similarly, restrictions to accessing informa-
tion have disappeared with the ubiquitous presence of
search engines and the comprehensive digitization of
information. A third example is the disappearing costs of
data storage, which have all but evaporated with freemium-
based cloud services (e.g., Dropbox). While the elimination
of restrictions was already a goal of Industry 4.0 (e.g., no
restrictions during production), 5.0 extends the goal to ‘no
restrictions during consumption’.
The symbolic meaning of 5.0, and with it a focus on
eliminating restrictions to consumption, can be deployed to
many organizations. The literature has covered, for exam-
ple, the nature of Retail 5.0 (Kowalkiewicz et al. 2017) and
Government 5.0 (Kowalkiewicz and Dootson 2019). One
might further imagine the concepts of Entertainment 5.0,
which materializes in on-demand services (no time con-
straints to consumption) or Education 5.0, a lifelong
learning system in which personalized education is pro-
vided independent of location in a subscription mode,
ensuring continuous educational wellbeing.
The following sections elaborate on how the notion of 5.0
impacts another macro-organization – cities – and how they,
as complex, human-made systems, benefit from the sym-
bolic design paradigm labelled City 5.0. To begin with, we
position the new concept of City 5.0 in the context of the
widely discussed and researched notion of the ‘smart city’.
2 (Smart) City and Liveability
Current estimates are that about 70 percent of the world’s
population will live in cities by 2050.1 This unbroken trend
towards urbanization increases the complexity of the
challenges cities are already facing, including traffic con-
gestion, environmental damage, inadequate and outdated
infrastructure, unaffordability, non-scalable healthcare and
education systems, social disaggregation, poverty, and
limited resources like water, energy, healthcare, and
housing. The extent to which cities master these challenges
is often measured in terms of the ‘‘liveability’’ metric,
which determines the attractiveness of a region as a place
to work, live, invest, and conduct business (Giap et al.
2014). Specifically, a liveable city is ‘‘safe, attractive,
socially cohesive and inclusive as well as environmentally
sustainable‘‘(Lowe et al. 2013). By providing services and
opportunities, a liveable environment influences its inhab-
itants’ quality of life and wellbeing. Aspects of liveability
can be structured differently depending on the granularity
(Giap et al. 2014; Woolcock and Elliott 2009) of the five
following core dimensions (EIU 2019; Giap et al. 2012):
Stability, Safety, and Public Governance This category
represents basic human needs and encompasses the
prevalence of petty and violent crime, (traffic) accidents,
the threat of terror, military conflict, and civil unrest/con-
flict. A shake-up of social harmony by, for instance, con-
flict can endanger stability. Public governance aids here by
providing effective policy and by acting transparently and
with accountability. A fair and efficient justice system
fosters a society’s stability. Key Performance Indicators
(KPIs) like the number of civil protection alarms measure
this dimension of liveability.
Healthcare and Social Services Access to basic medical
support (e.g., general practitioners, pharmacies) within a
reasonable time and at a reasonable distance, along with
advanced healthcare services like special medical support
centers foster a citizenry’s health. Social services, which
refer to social infrastructure communities need, comprise
childcare, youth services, community centers, public toi-
lets, outdoor public seating, and post offices. An example
of a typical KPI is the availability and quality of healthcare
services per capita.
Infrastructure, Housing, and Environment Infrastructure
refers to a mixture of land use, which can include transport
networks, housing, and open spaces like playgrounds and
public parks; the road network, public (intermodal) trans-
port, and international transport and travel connections;
affordable, quality housing; reliable energy, water and
telecommunications, including high-speed Internet con-
nectivity; and the environment, such as the climate and the
threat of extreme weather conditions. Examples of KPIs in
this dimension are the average distance to well-connected
transportation hubs and access to affordable housing that
has access to all essential services.
1 https://www.un.org/development/desa/en/news/population/2018-
revision-of-world-urbanization-prospects.html (accessed 21 Oct
2020).
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Employment and Economy The employment and econ-
omy dimension refers to open, business-friendly policies in
the public domain, such as available space for new busi-
nesses and incentive schemes for entrepreneurs. Economic
activities also depend on the availability of viable, highly
qualified employees locally. Employment and income are
examples of KPIs, as they and lead to growing or declining
economic opportunities. Other KPIs in this category are the
availability of and access to consumer goods and services.
Culture and Education The culture and education dimen-
sion comprises sporting and cultural facilities and the
availability of private and public education. Accessibility
to and availability of educational opportunities refer not
only to primary and secondary schooling, but also to ter-
tiary education and educational opportunities for adults,
including senior citizens. The provision of vibrant, cultural
services catering to the demands of all facets of the local
population is another indicator of cultural well-being.
Exemplary KPIs to measure this category are access to
affordable education and culture and entertainment for the
majority of the population.
The concept of a ‘smart city’ centers on how contem-
porary technologies can contribute to improving these
dimensions of liveability. When the term was first intro-
duced in the 1990s, ‘‘smart city’’ had a strong technical
connotation as the application of information and com-
munications technologies (ICT) in cities. If the term is
considered in analogy to the common understanding of the
term ‘‘smart X’’ (e.g., smart energy and smart retail), a
technologically oriented definition applies. As character-
istics of a smart city, Washburn and Sindhu (2009) see ‘‘the
use of smart computing technologies to make the critical
infrastructure components and services of a city – which
include city administration, education, healthcare, public
safety, real estate, transportation, and utilities – more
intelligent, interconnected, and efficient’’ (p. 2).
However, technology-driven definitions have been crit-
icized for not putting the citizens at the center, as the goal
of a smart city has to be improving citizens’ quality of life
(Hollands 2008). The overarching goals of a smart city are
sustainability, inclusion and participation, and – at the
foremost – liveability (i.e. life quality and wellbeing;
Caragliu et al. 2013; Chourabi et al. 2012; Dameri 2013;
Hollands 2008). Berry and Glaeser (2005) showed that a
high level of human capital (i.e. people with high levels of
education) attracts more highly skilled workers. Accord-
ingly, smart cities must be based on more than ICT to
achieve their goals of improved social, economic, envi-
ronmental, and cultural development. Thus, Caragliu et al.
(2013) defined a city as being smart ‘‘when investments in
human and social capital and traditional (transport) and
modern (ICT) communication infrastructure fuel
sustainable economic growth and high quality of life, with
a wise management of natural resources, through partici-
patory governance’’ (p. 6). Although this definition high-
lights the importance of factors other than ICT, this
definition is still not sufficient, as it is limited to specific
elements of a city’s infrastructure, such as transportation
and waste management. In what follows, we discuss how
the concept of City 5.0 enriches as a new metaphor our
understanding and ambitions with regards to the idea of a
smart city, a city which is not just characterized by the
advanced use of relevant technologies, but by the capa-
bility to increasingly overcome restrictions faced by its
citizens.
3 City 5.0: Smart Consumption within a City
Cities are special kinds of organizations. With citizens as
their ‘customers’, they are complex socio-material systems
with a plethora of stakeholders. Cities are expected to
provide a variety of essential services that add up to a
liveable environment of dedicated sub-systems (e.g., work,
transport, energy, safety, entertainment). As public sys-
tems, cities focus on the provision of services that everyone
can access (lack of exclusivity) and without competition
between citizens (lack of rivalry). Goods that lack exclu-
sivity and rivalry are called public goods.
Therefore, City 5.0 could be defined as
a liveable city that is (re)modelled with the aim of
eliminating restrictions for its citizens by using dig-
italization for the provision of public goods and
services.
The underlying hypothesis is that a city without
restrictions in the delivery of public goods and services
becomes a liveable city, as it is inclusive and free of fric-
tion. The notion of ‘liveability’, as already explained,
describes the overall contribution of the urban environment
to the quality of life and wellbeing of its residents.
Digital technologies come with significant affordances
to overcome established restrictions, but technologies on
their own would not be sufficient. Instead, re-modelling of
established city structures, systems, and processes is likely
to be required. Such new models could comprise new
business models for the provision of services (e.g., markets
in which one set of stakeholders subsidizes the elimination
of restrictions for another set of stakeholders). Another
example could be crowd-sourcing models in which citizens
provide their assets (e.g., garages) or capabilities (e.g.,
assisting a visually impaired person across the road) in an
attempt to overcome restrictions. These examples show an
important difference between the dominating understand-
ing of a smart city, with its provider-centric focus on
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developing and offering technology-enhanced services, and
the City 5.0 metaphor, with its consumer-centric concen-
tration on eliminating restrictions. As such, City 5.0 rests
on the combination of capitalizing on the new affordances
of digital technologies and revised (business, resourcing)
models, with the ongoing aim of overcoming restrictions.
To guide the strategic priorities of City 5.0, we classify
five types of restrictions that are present in a city. The first
four restrictions refer to the aspects of ‘‘accessibility’’ and
‘‘availability’’, while the fifth refers to ‘‘awareness’’:
Economic restrictions Charges for consuming services in a
city have an exclusive impact on citizens who cannot
afford these services. For example, entering the city of
London during peak hour is an expensive undertaking and
an economic constraint for some citizens. The provision of
free WiFi-services in public parks is an example of elim-
inating economic constraints, as is free public transporta-
tion in Tallinn, Estonia, and Luxembourg. Economic
restrictions can inhibit innovation and business since bar-
riers like poor or absence Internet connections can impede
economic opportunities (Waters 2016).
Spatial restrictions Cities tend to grow rapidly, and lack of
space creates bottlenecks. Related restrictions include long
distances that must be travelled to work and competition
for space (e.g., during peak hours). Long distances from
homes to jobs are a physical restriction (Wachs and
Kumagai 1973), which is often explained with reference to
the concept of ‘‘geography of opportunity’’ (Galster and
Killen 1995; Rosenbaum 1995). Studies have shown that a
geographical mismatch between a citizen’s home and job
contributes to unemployment and creates dependence on
public support programs (Opp 2017; Osterman 1991;
Rosenbaum 1995). Initiatives to overcome such constraints
include distributed government offices that allow public
servants to work at co-working spaces and to ‘‘consume’’
public services closer to their homes/offices. Another
example is the emergence of autonomous vehicles that will
allow shorter distances between cars, leading to denser use
of space.
Temporal restrictions A city that is only ‘on’ at certain
times (e.g., public transport, shopping, government ser-
vices) comes with temporal restrictions. These restrictions
increasingly compromise liveability when global working
models are used. The regulation of opening hours for
retailers or governmental offices sets temporal restrictions
that require new digital, self-serving solutions like the
Amazon Go store and robotic public services.
Individual restrictions A citizen’s physical and cognitive
abilities can prevent him or her from using public goods
and services. A physically impaired person can be
restricted in reaching the location where he or she can
consume a public good or service, and public services that
require a certain level of cognitive ability can pose a barrier
to cognitively impaired citizens. Digital technologies can
help to eliminate these restrictions by introducing naviga-
tion aids for the physically impaired and specialized digital
interfaces and digital assistants that lower the cognitive bar
required for using public goods and services.
Discoverability restrictions Even when consumption of
public goods and services is not restricted by economic,
temporal, spatial, or individual factors, citizens are often
unaware of their availability. Consumption in a City 5.0
requires reversing the prevailing paradigm that a citizen
has to discover offerings of public goods and services such
that public goods and services have to ‘‘discover’’ the cit-
izens to ensure that they are provided to those who need
them. Such information can include location-based security
notifications and alerts following environmental hazards,
bomb threats, or car traffic restrictions (e.g., permission to
use only electric vehicles selective city areas).
Of course, there are other types of restrictions, such as
legal restrictions, that digital technologies can also help to
address. For instance, Germany was prohibiting charging
an electric vehicle at a private charging station, as it would
require the charging station’s owner to comply with energy
laws since he or she was essentially selling energy. With
digital technologies, instead of measuring the transferred
energy, the time spent parked at a charging station could be
billed, rather than the energy. In any case, digital solutions
for legal challenges remain rare.
Since the ‘‘charging’’ example could also be seen as
overcoming economic and spatial restrictions, it shows that
restrictions do not necessarily occur in isolation, so a City
5.0 initiative might target more than one restriction. For
example, the city of Brisbane funded the live web
streaming of performances like the La Scala Ballet in 2018
to ten locations in rural Queensland, Australia. The
simulcast allowed citizens outside Brisbane to enjoy the
performance, overcoming spatial constraints, free of
charge, addressing economic restrictions. One could argue
that this project converted a private good, a ballet perfor-
mance, into a public good.
The notion of a ‘city without restrictions’ is proposed as
the tangible, operationalizable interpretation of City 5.0.
City stakeholders could identify and rank restrictions in
their cities and then assess how available digital tech-
nologies or revised business and resource models could
assist in addressing them. The cities’ focus will, of course,
vary depending on their context and ambitions. For
example, a city that is eager to attract entrepreneurs might
focus on overcoming restrictions like access to co-working
spaces, venture capital or mentors, while a city that
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prioritises targeting an ageing population might concen-
trate on economic (e.g., free public transport) and geo-
graphic (e.g., pick-up from home) restrictions.
A city without restrictions is an ideal state that, realis-
tically, can never be reached. However, in the context of
City 5.0, it is the provision of a goal rather than its
achievement that is essential and that is expected to drive
innovation and improve liveability. As such, the proposal
of a city without restrictions is comparable to the aspira-
tional, but often unrealistic, intentions of other approaches
like Six Sigma and its ambition of 3.4 mistakes per one
million opportunities (Pepper and Spedding 2010). Thus,
City 5.0 has a symbolic character. It does not comprise
detailed methods, techniques or technologies, but rather
provides a further re-interpretation of an ideal city beyond
the known smart city. Through this symbolic value, the
notion of City 5.0 serves as a facilitator for the transition of
city environments with a focus on facilitating the con-
straint-free access to public goods and services.
4 A Framework for City 5.0
Bringing together the ideas of a smart city, with its focus
on liveability, and the ideas of a restriction-free city,
integrates the types of restrictions and the dimensions of
liveability into a City 5.0 framework (Fig. 1). All of the
fields in the matrix must be addressed through
collaboration of researchers, public administrations, private
service providers, and citizens. In many cases, and as
outlined above, digitalization will help to overcome
restrictions. For example, ubiquitous access to healthcare
services could be enabled by telemedicine services in a
City 5.0, as telemedicine enables more citizens to partici-
pate in medical services free of the restrictions that come
with the physical distance or traffic concerns. In addition,
education is becoming more digital by enabling commu-
nication without the temporal and physical restrictions
between school and students and their parents (e.g.,
schoolinfoapp).
With this framework, information systems research at
the intersection of restrictions in consuming public goods
and services and aspects of urban liveability will advance
the development of the consumer-oriented and restriction-
free cities of tomorrow. The framework also uncovers
conflicts between restrictions. For example, offering free
public transportation (eliminating economic restrictions)
requires a public investment that can subsequently interfere
with eliminating other restrictions. Reducing pollution by
introducing a toll to drive into the city brings new eco-
nomic and spatial restrictions.
Stability, Safety and Public Governance
(e.g. accessibility to employment, 
access to consumer goods and services)
Health Care and Social Services 
(e.g. availability of public healthcare, 
childcare, public sanitary services)
Infrastructure, Housing  
and Environment
(e.g. availability of transportation 
and energy provision)
Employment and Economy
(e.g. accessibility to employment, 
access to consumer goods and services)
Culture and Education
(e.g. social or religious restrictions, 
sporting and cultural availability)
Economic Spatial Temporal Individual Discover-
ability
Fig. 1 Framework for City 5.0
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5 Closing Remarks
The paradigm shift from 4.0 to 5.0 describes a symbolic
shift of attention. Applying the new 5.0 paradigm to cities
shows the implications of a transition from a provider-
centric to a consumer-centric model of services and how it
leads to a focus on the restrictions that remain in citizens’
lives.
There is no doubt that the smart city stream of activity
and research will continue to produce digitally-empowered,
sophisticated solutions for cities of tomorrow. Often trig-
gered by the emerging affordances of digital technologies,
such progress (e.g., smart lighting, smart waste) is
invaluable. However, City 5.0 provides an important
complementary view, as it identifies the elimination of
restrictions as an overall design goal. This goal provides an
important goalpost for smart city initiatives and allows to
assess them in light of their impact on overcoming existing
restrictions.
We want to highlight that, with City 5.0, we propose to
focus on eliminating restrictions as an inherent goal for
better city environments. Identifying technological oppor-
tunities like improving lighting of a city through the
introduction of smart lighting, for example, remove
restrictions for a particular group of citizens as it has the
potential to provide a cost-effective solutions for the pro-
vision of a safe environment, and via this eliminates
restrictions in the life of citizens who otherwise would not
use the cities infrastructure. Therefore, our aim is not to
advocate individual ‘smart’ solutions but to advocate and
to manifest a paradigm shift towards seeing technologies as
an instrument for eliminating citizens’ restrictions in
accessing public goods and services.
The introduction of a City 5.0 comes with implications
in terms of how consumption and ethical questions are
addressed against the background of restriction-free access
to public goods and services. A comprehensive discussion
of these implications is beyond the scope of this article.
However, bringing research and professional attention to
citizens who are the most constrained can help to create a
value-driven, human-centered investment framework that
addresses the most severe restrictions first and increases
social value for citizens most in need. For example, cities
have started longevity initiatives in which the restrictions
of senior citizens are identified and addressed.
We see the paradigm shift to a City 5.0 not as an
alternative way of ensuring the integration of ethical and
sustainability issues in the context of creating robust and
resilient societies in our digitalized world (see e.g., (Ber-
niker 2017; Floridi 2014)), but as a platform for these ideas
to flourish and to be implemented. Economic, social, and
environmental challenges, when unaddressed, result in
restrictions that will move into focus. With cities
representing dominant living environments, the challenges
within these environments can take extreme forms like in
the cases of poverty, inequality, and pollution affecting
urban population the most (Bambrick et al. 2011; Hardoy
and Pandiella 2009). Hence, the focus on citizens’
restrictions has the potential to benefit those in need and to
serve as a self-guarding mechanism, because consequences
of unethical or unsustainable consumption create new
restrictions for citizens disqualifying such consumption
from the City 5.0 vision.
The question of in how far the vision of City 5.0 suffi-
ciently addresses a holistic view on how our society ought
to be, for instance, to question the accumulation of power
and resources as an acting principle towards embracing
diversity and richness of experience (Ito 2017) represents
one of the main avenues for further research enquiries.
However, in the current globalized economic and political
environment, immediate actions towards improving short
and long-term liveability are required. While we continue
to observe reluctance of individuals, organizations, and
nations to put sustainability concerns at the center of
individual and organizational conduct, the idea of a citizen-
centric elimination of restrictions can become a common
ground for effective initiatives to emerge.
We expect City 5.0 to trigger future research, addressing
important methodological questions like how to design an
approach to ‘restriction lifecycle management’ or how to
identify default response strategies for identified restric-
tions as well as research into the exploration of the rela-
tionship between restrictions and restriction elimination
solutions.
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